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(54) A spindle motor and a hard disk drive apparatus including such a motor 



(57) A spindle motor including a double row bearing 
apparatus <2) for supporting a rotor hub (9) rotatably on 
a base (1) incorporating a labyrinth seal mechanism. 
The bearing apparatus Includes a two-stepped shaft (3) 
and a pair of rows of rotating balls (5a) anri (5b) inter- 
posed between the shaft and a sleeve outer race (4) sur- 
rounding the shaft, A pair of inner and outer sealing 
plates (13a) and (13b) are provided between the sleeve 



outer race and an inner race (6) fitted around a reduced 
diameter portion (3b) of the shaft to form a labyrinth seal. 
A pair of inner and outer sealing plates (14a) and (14b) 
are also provided between the sleeve outer race and 
optionally an inner race fitted around an enlarged diam- 
eter shaft portion (3a) to form a labyrinth seaL The bear- 
ing apparatus avoids the necessity to incorporate an ad- 
diUunai * Baling mechanism into the motor as a separate 
tabrteation step. 
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Description 

Backgrou nd of [ha invention 
Technical Field 



[0001] The present invention relates in particular to a 
spmdJe motor to be ucod in the hard disk drive means 
and a hard disk drive apparatus Including such a motor' 

DesqioHon onne prior art 

[0002] The motor of the hard disk drive moan* em- 
ploys grease or oii as a lubricant to be applied to the 
bearing, 

[0003] in such Kind oj motors, splashing and dispers- 
ing of the lubricant from the bearing apparatus Into the 
surrounding environment may be caused by the rotation 
of trie motor. Furtner, fine dusts suspended in atmos- 
phere is tend to get into the bearing assembly, in order 
to cope with such problems, som© bearing© hae an an- 
nular sealing piate. The seaJing structure of the prior art 
employing such annular sealing plate can be catego- 
rized into tho contact type and the non-comae? type. 
[00O4] in the case of the sealing structure of the non- 
contacttype incorporated into the bearing apparatus, for 
exa/npls, the outer peripheral portion of the annular 
sealing plate is secured by means of adhesive to the 
end surface of the rwter race with leaving a slight clear- 
ance between the inner peripheral portion thereof and so 
the ainer race to avoid the contact between them. 
[0005] / however, there is an problem Of flowing the lu- 
bricant contained within the bearing out through the 
clearance while the motor is rotated in high speed. In 
the case of the motor for hard disk drive means, the lu- 
bricant flowing out through the clearance will be 
splashed through the clearance to mako oil mist Thus 
produced finery dispersed oil mist is apt to get into the 
disk enclosure of the hard disk drive means. These oil 
mi»( adherBd on the magneiicdisk or the magnetic head 
will cause the accidents such as the crushing of the 
magnetic disk and the magnetic head to reduce the re- 
liability of the hard disk drive apparatus. 
[0008] In order to prevent such accidents as men- 
tioned shnve. a number of countermeaeuroe have been 
taken by those skilled In the art. For example, in one of 
the oountermeasures* the annular sealing plate is se- 
cured lu tl le outBr race around me outer peripheral por- 
tion thereof and making the inne r peripheral edge there- 
of contact with the inner race. In such a countermeas- 
ure, not only the heat or the torque are produced by the 
friction between the sealing piate and the inner race, but 
also the wear due to friction will cauee tho loakago of 
the lubricant or produce fricttonar particles, so that this 
countermeasure can not be adopted. 
[00071 UndHr the reason as mentioned above, the 
motor including the sealing structure of the non-contact- 
ing type as well as en additional labyrinth seal mecha- 
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nrsm, or the motor having a magnetic fluidseating mech- 
anism within the bearing apparatus) ere available today 
However, the additional labyrinth seal mechanism will 
increase the production cost for manufacturing the mo^ 
tor. When the magnetic fluid is employed to seal, the 
magnetic fluid is tend to shift radially outwardly under 
the effect of centrifugal force. Further. lh« magnetic fluid 
sometimes splashes under the effect of Jocaily effected 
differential air pressure. In conclusion neither of these 
to structure is appropriate to tho motor for hai d disk arrve 
apparatus. In particular, the additional labyrinth seal 
mechanism is to be employed, the manufacturer of the 
mulor is required to incorporate such labyrinth seal 
mechanism into the motor, so that the production cost 
75 of the motor Is increased. 

[0008] Accordingly, the object of the present invention 
is to provide a motor suitable for the hard disk drive ap- 
paratus Including a labyrinth eoaJ mechaniem Incorpo- 
rated Into the bearing means to increase the sealing 
& function of the sealing structure of non-contact type to 
provide a sufficient ana reliable sealing function and a 
hard disk drive apparatus of increased reliability. It is on- 
ly necessary for the manufacturer of the motor in as^ 
semble the motor with the bearing means into which a 
* labyrinth seal mechanism had already been incorporat- 
ed by the manufacturer of tho boaring *o that the pro- 
duction cost of the motor can be reduced. 



Summary of the invention 



[0009] These and other objects are achieved by a mo- 
tor including a double row bearing apparatus lor sup- 
porting a rotor hub rotatably on a base characterized in 
that: the double row hearing apparatus includes; a two- 
as stepped shaft having an enlarged diam eter shaft portion 
and a reduced shaft portion, a sleeve outer race dis- 
posed aiow id u is shaft through a palroi first and second 
rows of rotating bodies interposed between the shaft 
and the sleeve, rotating bodies for the first row is adapi- 
40 ed to be interposed between an outer peripheral rolling 
contact groove formed directly on the outer peripheral 
surface of the enlarged diameter shaft portion of the 
stepped shaft and a first inner peripheral rolling contact 
groove formed on the inner peripheral surface of the 
4* sleeve outer race, loiaUng bodies Tor me second row is 
adapted to be interposed between am outer peripheral 
rolling contact groove formedon an outer peripheral sur- 
face of an inner race fitted around the reduced diameter 
shaft ponton of the stepped shaft and a second \nnor 
60 peripheral rolling contact groove formed on the inner pe 
ripheral surface of the sleeve outer race, at the side of 
the first row of the rotating bodies, a pair of inner and 
outer annular sealing plates are provided to leave a 
slight clearance between the inner or outer peripheral 
55 surface of each sealing plate and the outer peripheral 
surface of the enlarged diameter ehaft portion or the end 
portion of the sleeve outer race to provide a labyrinth 
Seal on one side of the sleeve outer race, anri at the £ id a 
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of th e second row of rotating bodf es, a pair of in ne r and 
outer annular saving plates are providad to leave a 
slight clearance between the inner or outer peripheral 
surface of each sealing plate and the Inner race or the 
en J portion of the sJeeve outer race to provide a laby- s 
rinth seal on the other side of the sleeve outer race. 
[OOTO] in the other embodiment of the present invflrv 
tion. at the side of said first row of the rotating bodies, 
inner and outer shoulders are formed on the end portion 
of the sleava outer race in a rwo-stoppod manner, and 
i nner and outer shoulders are also provided on the outer 
peripheral surfaceofthe enlarged diameter shaft portion 
uf the stepped shaft in the same manner so as to oppo- 
site to the inner and outer shoulders of the sieeve outer 
race, said inner sealing plate is attached to either of said is 
inner shoulder of the sleeve or the shaft with remaining 
a slight clearance between the plate and the shaft or the 
slemm to provide the labyrinth cool function, and ©aid 
outer sealing plate is attached to either of said outer 
shoulder of the sleeve or the shafl wiih remaining a slight so 
clearance between me plate and the shaft or the sleeve 
to provide the labyrinth seal function. 
[0011] In the other embodiment of the Qr&ABnt inven- 
tion, at the side of said second row of the rotating bodies, 
inner and outer shoulders may bo provided on the end ss 
surface* of tho eJeeve outer race in a two-6teppwd man* 
nsr, and inner and outer shoulders may also be provided 
on the end portion of the innor race in the same manner 
so as to opposite to the inner and outer shoulders of the 
sleeve outer race, said inner sealing plate may be ai- 30 
tachedto said inner shoulder of either of the sleeve outer 
race or the inner race with remaining a slight clearance 
between the piate and the inner race or the sleeve outer 
race to provide the labyrinth seal function, and aajd out*i 
sealing plate may be attached to said outer shoulder of 3s 
either of the sleeve outer race or the inner race with re- 
maining a slight clearance between the plate and the 
inner race or the sleeve outer race to provide a labyrinth 
seal. 

[0012] In the further embodiment of the present inven- 
tion, at the side of said first row of the rotating bodies, a 
on© step shoulder I3 formed on the end surface of the 
sleeve outer race, and inner shoulder is provided on the 
outer peripheral surface of the enlarged diameter shaft 
portion of said stepped shaft to opposite to the shoulder «s 
of the sleeve outer race, an outer shoulder is also pro- 
vided on the shaft to form it a two Rtappart shaft, 9 aid 
inner sealing plate is attached to either of said shoulder 
of the sleeve or the inner shoulder of the shaft with re- 
maining a alight clearance between th© plat© anU Hi© 
shaft or the sleeve to provide the labyrinth seal function, 
and said outer seating plate is attached to said outer 
shoulder with remaining a slight axial clearance be- 
tween the plate and the end surface of the sleeve outer 
race to provide the labyrinth sen I function $6 
[0013] In tho another embodiment of th© present in- 
vention, at the side of said second row of the rotating 
bodies, innor and outer shoulders ere formed on the end 



surface of the sleeve outer race in a two-stepped man- 
ner, and a one step shoulder Is also formed on the end 
portion of the inner race so as 10 opposite to the inner 
Shoulder of the sleeve outer raca. said inner sealing 
plate is attached to either of said Inner shoulder of the 
sleeve outer race or the shoulder of the inner race with 
remaining a slight oloaranc© between the plate and tne 
inner race or the sleeve outer race to provide the laby- 
rinth seal function, and said outer sealing plate is at- 
tached lo said outer shoulder of the sleeve with remain- 
ing a slight axial clearance between the plate and the 
end surface of the inner race to provide the labyrinth 
seal function. 

[0014] In the yet another embodiment of the present 
invention, at tho cide of ©aid second row of in© rotating 
bodies, a shoulder Is provided on the end surface of the 
sleeve outer race, and inner shoulder is provided on the 
end portion ot tne inner race to opposite to the shoulder 
of the sleeve outer race, an outer shoulder is also pro- 
vided on the inner race to form a two-stepped shoulder 
said Inner sealing plate is attached to either of said 
shoulder of the sleeve ortha inner shoulder of the inner 
race with remaining a olight clearance between tho plate 
and either of the inner raea or the sleeve to provide the 
labyrinth seal function, and said outer sealing plate is 
attacned to said outer shoulder of the . inner race with 
remaining a slight axial clearance between the plate and 
the end surface of the sleeve outer race to provide the 
labyrinth seal function. 

[0015] The stepped shaft of said double row bearing 
apparatus is secured to said base to extending vortioaify 
therefrom, and a vertically extending bore of the rotor 
hub is fitted around the sleeve outer race. 
[0016] A vertically extending cylindrical portion includ- 
ing a through bore Is provided on the central portion of 
the base, the sleeve outer race of said double row bear- 
ing apparatus is fitted into the bore, and the stepped 
shaft of said double row bearing apparatus is fitted into 
a vertical bore provided through the central portion of 
the rotor hub. 

[0017] Alternatively, a hard disk drive apparatus com- 
prising, a motor including a double row bearing. appara- 
tus for supporting a rotor hub rotatabiy on a base, a mag- 
netic disk toadsd on the outer peripheral surface the ro- 
tor hub, a magnetic head for writing or reading magnetic 
datum onto or from the magnetic disk, a positioning 
mechanism for moving the head to bring It to the re- 
quired radial position on the disk and stopped therea- 
bove the double row bearing apparatus of the motor in- 
cluding; a two-stopped shaft having an enlarged diam- 
eter shaft portion and a reduced shaft portion, a sleeve 
outer race disposed around the shaft through a pair of 
first and second rows of rotating bodies interposed be- 
tween the shaft and the sleeve, rotating bodies for the 
first row is adapted to bo into rpo cod between an outer 
peripheral rolling contact groove formed directly on the 
outer peripheral surface of the enlarged diameter shaft 
portion of the stepped shaft and a first inner peripheral 
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rolling contact groove formed on the inner peripheral 
surface of the sleeve outer mro, rotating bodies for tho 
second row is adapted to be interposed between am 
outer peripheral rolling contact groove formed on anout- 
er peripheral ©urface of an inner race fitted arouna tne 5 
reduced diameter shaft portion of the stepped shaft and 
a second inner peripheral roiling contact groove formed 
on tne inner peripheral surface ol the sleeve outer race, 
at the side of the first row of trie rotating bodies, a pair 
of inner and outer annular sealing plates ere provided *a 
to leave a slight clearance between the inner or outer 
peripheral surface of each sealing plate and the outer 
peripheral surfaca vl irie enlarged diameter snatt portion 
Or the end portion of the sleeve outer race to provide a 
labyrinth seal on one side of the sleeve outer race, and r$ 
at the side of the second row of rotating bodies, a pair 
of inner and outer annular sealing plates are provided 
to leave a slight dee ranee between tho innar or outer 
peripheral surface of each* sealing plate and the inner 
race or the end portion of the sleeve outer race to pro- 20 
vide a laU/i inth seal on the other side of the sleeve outer 
race. 

[0018] In the other embodiment of the hard disk drive 
apparatus of the present invention, the double row bear- 
ing apparatus of the motor including at the side of said & 
first row of tho rotating bodiee, innorand outer ohoulder* 
formed on The end portion of the sleeve outer race in a 
two-stepped manner, and inner and outer shoulders 
provided also an tne outer peripheral surface of the en- 
larged diameter shaft portion of the stepped shaft in the so 
same manner so as to opposite to the inner and outer 
shoulders of the sleeve outer race, wherein said inner 
sealing plate is attached to either of said inner shoulder 
of the sleeve or the shaft with remaining a slight clear- 
ance between the plate and the shaft or the sleeve to 36 
provide the labyrinth seal function, and said outer seal- 
ing plate is attached to either of said outer shoulder of 
the sleeve or the shaft with remaining a slight clearance 
between the plate and the shaft or the sleeve to provide 
the labyrinth seal function. 40 
[001 9] In the other embodiment of the hard disk drive 
apparatus of the present invention, the double row boar- 
ing apparatus of the motor Including at the side of said 
second row of the rotating bodies, inn er and outer sho ul- 
ders provided on the end surface of the sleeve outer 
race In a two-stepped manner, and Inner and outer 
shoulders provided also on the end portion of the inner 
race in the same manner so as to opposite to the inner 
and outer shoulders of the sleeve outsr race, wherein 

eard Inner sealing plato ic attaohod to ttud innor ahoul- « 

dor of either of the sleeve outer race or the inner race 
with remaining a slight clearance between the plate and 
the inner race or the eieeve outer race to provide the 
labyrinth seal function, and said outer sealing plate is 
attached to said outer shoulder of either of the sleeve £$ 
outer race or the Inner race with remaining a slight clear- 
ance between the plate and the inner race or the sleeve 
outer race to provide a labyrinth seal. 



[0020] In the other embodiment of the hard disk drive 
apparatus of thu present invention, the double row bear- 
ing apparatus of the motor including at the side of said 
first row of the rotating bodies, a one step shoulder 
formed on the end surface of the sleeve outer race, and 
inner shoulder provided on the outer peripheral surface 
of the enlarged diameter shaft . portion of said stopped 
shaft to opposite to the shoulder of th e sleeve outer race, 
an outer shoulder provided also on the shaft to form ft a 
two stepped shaft, wherein said inner sealing piate is 
attached to either of said shoulder of the sleeve or the 
inner shoulder of the shaft with remaining a slight clear- 
ance between the plate and the shaft or the sleeve to 
provide the labyrinth seal function, and said outer seal- 
ing plate is attached tn sa/rf outer shoulder wfth romoin 
ing a slight axial clearance between the plate and the 
end surface of the sleeve outer race to provide the lab- 
yrinth seal function. 

[0021] in the other embodiment of the hard disk drive 
apparatus of the present invention, the double row bear- 
ing apparatus of the motor including at the side of said 
second row of the rotating bodies, inner and outer shoul- 
ders formed on the end surface of tho sloeve outer raoo 
in a two-stepped manner, and a one step shoulder 
formed also on the end portion of the innor race so as 
to opposite to th* inrwr shoulder of the sJdeve outer 
race, wherein said inner sealing plate is attached to ei- 
ther of said inner shoulder of the sleeve outer race or 
the shoulder of the inner race with remaining a slight 
clearance between the plate and the inner race or the 
Sleeve outer race to provide the labyrinth seal function, 
and said outer sealing plate is attached to said outer 
shoulder of the sleeve with remaining a slight axial clear- - 
anoo botween the plate and the end surface of the inner 
race to provide the labyrinth seal function. 
[0022] In the other embodiment of the hard disk drive 
apparatus of the present invention, the double row bear- 
ing apparatus of the motor including at the side of said 
second row of the rotating bodies, a shoulder provided 
on the end surface of the sleeve outer race, and inner, 
shoulder provided on the end portion of the inner race 
to opposite to the shoulder of the eieeve outer race, an 
outer shoulder provided also on the inner race to form 
a two-stepped shoulder, wherein said inner sealing plate 
is attached to eithar of said shoulder of the sleeve or the 
inner shoulder of the inner race with remaining a slight 
clearance between the plate and eftherof the Inner race 
or the sleeve to provide the labyrinth seal function, and 
said outer sealing plate is attached to said outer shoul- 
der of the inner race with remaining a slight axial clear- 
ance between the plate and the end surface of the 
sleeve outer race to provide the labyrinth seal function. 
[0023] The double row bearing apparatus of the motor 
may include the stepped shaft secured to said base to 
extending vertically therefrom. The vertically extending 
bore of tho rotor hub ie adapted to be fitted around tho 
sleeve outer race, 

[0034] The motor of the hard disk drive apparatus has 



4 

PAGE 27/95 * RCVD AT 2O4/2004 10:22:45 PM [Eastern Standard Time] 1 SVR:USPTO-EFXRF-1/0 '.DMS:87293Q6 * CSID:240 3710700 * DURATION (mm-ss):29-56 



02/24/2004 22:19 240-3710700 



GOPSTEIN PATENT 



PAGE 28/95 



BP 0 957 563 A2 



a base the central portion of which is provided with a 
cylindrical portion including a through bore, th© eleevy 
outer race of said double row bearing apparatus fs fined 
into the bore, and the stepped shaft of said double row 
bearhiy apparatus is fitted into a vertical bore provided 
through the central portion of the rotor hub. 

Brief description of the drawing 

[0025J Furth<?rfeaturo of tha preeent invention will be- 
come apparent to those skilled in the art to which the 
present invention relates from reading the following 
specification with reterence to the accompanying draw- 
ings, in which: 

Fig. 1 is a view showing a motor of the first embod- 
iment (fixed shaft type) of the present Invention, in 
which (a) illu6tmtea an enlarged ©actional view, (u) 
illustrates a further enlarged sectional view of the 
upper part of the motor, and (c) illustrates a further 
enlarged sectional view of the lower part of the mo- 
tor; 

Fig. 2 is a view showing a motor of tha second em- 
bodiment (fixed shaft type) of the present invention, 
in which (a) illustrates an enlarged sectional view, 
(b) illustrate a further enlarged sectional view of 
the upper part of the motor, and (c) illustrates a fur- 
ther enlarged sectional view of the lower part of the 
motor; 

Fig. 3 is s viewshowlng a motor of the third embod- 
iment (fixed shaft type) of the present invention. In 
which (a) illustrates an enlarged sectional view, (b) 
illustrates a further enlarged sectional view of the 
upper part of tha motor, and (c) illustrates a further 
enlarged sectional view of the lower part of the mo- 
tor; 

Fig. 4 is a view showing a motor of the fourth em- 
bodiment (fixed shaft type) of the praaent invention, 
in which <a) illustrate*; *n enlarged sectional view, 
(b) illustrates a further enlarged sectional view of 
the upper part of the motor, and (c) illustrates a fur- 
ther enlarged sectional viaw of the lower part of the 
motor; 

Fig. 5 is a view showing a motor of the fifth embod- 
iment (fixed shaft type) of the present invention, in 
which (a) illustrates an enlarged sectional view, (b) 
Illustrates a further enlarged sectional view of tha 
upper part of the motor, and (c) illustrates a further 
enlarged sectional view of the tower part of the mo- 
tor; 

Fig. 6 ia a view showing a motor of the sixth embod- 
iment (fixed shaft type) of the present invention, in 
which (a) illustrates an enlarged sectional view, (b) 
illustrates a further enlarged sectional view of the 
Upper part of tha motor, pad (c) illustrates a further 
enlarged ©actional viaw of tha lower part of the mo- 
tor; 

Fig. 7 ic a viaw showing a motor of tha aoventh am- 
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bodiment (fixed shaft type) of the present invention, 
m which {a) illustrates an enlarged sectional view, 
(b) illustrates a further enlarged sectional view of 
the upper part of tha motor and (c) illuetratoc a fur- 
ther enlarged sectional view of the lower part of the 
motori 

Fig. 0 ia a view ahowiny a motor OT me eighth em- 
bodiment (fixed shaft type) of the present invention, 
in which (a) illustrates an enlarged sectional view. 
(0) illustrates a further enlarged sectional view of 
the uppar part of the motor, and (c) illustrates a fur- 
ther enlarged sectional view of the lower part of the 
motor; 

Fig. 9 is a view showing a motor of the ninth em- 
bodiment {rotational ahaft typa) of the present in- 
vention, in which (a) illustrates an enlarged section- 
al view, (b) illustrates a further enlarged sectional 
view of the upper part of the motor, and (c) Illustrates 
a further enlarged sectional view of the lower part 
of the motor: 

Fig. 10 is a plan view showing a hard disk drive ap- 
paratus of the present invention; 
Fig. 11 te a aootional viaw ahowtng a hard disk drive 
apparatus of the present invention including a motor 
of the fbcad shaft type; 

Fig. 1 2 fs a sectional view showing a hard disk drfve 
apparatus of the present invention including a motor 
of the rotational shaft type: 

Detailed description of the present invention 

<The first embodiment of the invention* 

[0026] The Tirst embodiment or the motor of the 
present Invention will now be described with reference 
to Figs. 1a. 1b and 1c. The motor of this embodiment is 
of a fixed shaft type that the shaft 3 of the double row 
bearing apparatus 2 is secured to the base 1 having a 
flange la. The shaft 3 is a ctoppod ahaft including en- 
larged and reduced diameter shaft portions 3a and 3b 
on the lower and uppar end thereof respectively. A 
sleeve outer race 4 is supported by the shaft through a 
pair of upper and lower rows of balls 5a and 5b inter- 
posed as rotating bodies bstween the shaft and the 
sleeve. 

[0027] The sleeve outer race 4 is provided on its Inner 
pQnphoral surface a pair of uppor and lowor rolling con- 
tact grooves 4a and 4b. The upper balls 5a i.e. rotating 
bodies of the first row is adapted to be interposed bs- 
tween a rolling contact groove Ba formed on an inner 
race 6 fitted on the reduced diameter shaft portion 3b 
and the upper rolling contact groove 4a La. the first roll- 
ing contact groove of the sleeve outer race. Tha lower 
balls 3b i.e. rotating bodies of the second row is adapted 
to bo interposed botwoon tho outor peripheral rolling 
contact groove 7 formed directly on the outer peripheral 
surface of the enlarged diameter shaft portion 3a and 
the lower roiling contact yiuuve 4b i.e. Ihe second rolling 
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contact groove of the sleeve outer race. Balls 5a and 5b 
are adapted to be retained by means of ball retainers fl. 
[0028] The outer diameter of the enlarged shaft por- 
tion 3a and that of the inner race 6 fitted around the re- 
duced diameter shaft portion 3b are identical with each t 
other, so that the baits of the same diameter can be em- 
ployed as upper and tower balls 5a, 5b. 
[0029] A rotor hub 9 nas a vertically extending bore 
1 0 within which the sleeve outer race 4 is fitted so as to 
rotatabfy support the rotor hub 9. An outer peripheral n 
port/on of the rotor hub 9 is provided with an support 
portion 9a on which a magnetic disc is lo be loaded and 
a downwardly depending flange Ob. 
[0030] A magnet 11 is attached through a magnet 
hofder n a to an inner surface of the flange 9b. An inner ts 
peripheral surface ot the magnet is faced against the 
outer peripheral surface of a stator 12 around which a 
m coll 12a is wounded. A slight clearance is left between 
them. 

[0001) In the spindle motor according lo the present so 
invention. the spacing dofinod bet wo on the upper wnl 
of the sleeve outer race 4 mounted around the reduced 
diameter shaft portion 3b and the inner race 6 is sealed 
by means of a pair of annular sealing plates 13a and 
1 3b, and the spacing defined between the the lower end 2& 
of the sleeve outer race 4 and the outer peripheral sur- 
face of the enlarged diameter shaft portion Is also sealed 
at the side of enlarged diameter shaft portion by means 
of a. pair of annular sealing pl&tus I4ci and r«lb In tne 
same fashion. so 
[0032] As can be seen from Fig. 1 b at the side of re- 
duced diameter shaft portion 3b, a pair of shoulders 15a, 
15b are formed on the upper end of the sleeve outer 
race 4 in a two-stepped manner, and a pair of shoulders 
16a, 16b are formed on the upper end of the inner race 3S 
6 in the same manner. The outer peripheral portion of 
the inner sealmg plate 13a Is »wuiwJ wiUi adhesive on 
the end surface of the inner shoulder 1 5a with remaining 
a slight clearance (a) between the Inner peripheral sur- 
face thereof and the outer peripheral surface of the inner *o 
shoulder 16a to avoid the contact between them to pro- 
vide the labyrinth seal function. 
[0033] The inner peripheral portion of the outer seal- 
ing plate 13b is secured with adhesive on the outer pe- 
ripheral surface of the outet shoulder 16b of tne inner 
race 6 with remaining a slight clearance (b) between the 
outer peripheral surface thereof and the outer shoulder 
15b of the sleeve outer race to avoid the contact be- 
tween them to provide the labyrinth seal function. 
[0034] As can be seen from Fig. Ic, at the e id© of en- SO 
largad diameter shaft portion 3a, a pair of shoulders 1 7a, 
1 7b are formed on the lower end of the sleeve outer race 
4 in a twv-elepped manner, and a pair or enouiders ie&, 
i8b are formed on the outer peripheral portion of the 
enlarged diameter shaft portion 3a in the same manner, ss 
The outer peripheral portion of the \nn&r dealing plate 
1 4a is secured with adhesive on the end surface of the 
rnner shoulder 1 7a with remaining a slight clearance (c) 
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between the inner peripheral surface thereof and the 
nuter poripharal ourfece of the innei shoulder iea to 
avoid the contact between them to provide the labyrinth 
seal function. 

[0Q35J The inner peripheral portion of the outer seal- 
ing plate 14b is secured with adhesive on the outer pe- 
ripheral surface of the butar shoulder 16b of the en- 
larged diameter shaft portion 3a with remaining a slight 
clearance (d) between the outer peripheral surface 
► thereof and tho outer shoulder 1 7b t>r the sleeve outer 
race 4 to avoid the contact between them to provide the 
labyrinth seal function. 

[0036] upon assembling the double row bearing ap- 
paratus, lower row of balls 5b are interposed between 
the outer peripheral rolling contact oroove 7 of the en- 
larged diameter shaft portion 3a of the shaft 3 and the 
inner peripheral roiling contact groove 4b of the sleeve 
outer race a, tho innor race 6 is fitted slidauly around 
the reduced diameter shaft portion 3b of the shaft 3. up- 
per row of balls Sa are interposed between the outer pe- 
rlpnerai rolling contact groove 6a of the inner race 6 and 
the inner peripheral rolling contact groove 4a or the 
sleeve outer race 4> and the inner race 6 is Assured to 
the reduced diameter shaft portion 3b by means of ad- 
hesive with applying therato an appropriate pre-pres- 
sure on tho upper end ourtace of the iiinur race 6, and 
then the sealing plates are incorporated. 
[0037] Although in the above mentioned first embod- . 
iment, tne fixing of the sealing plates are adapted to be 
achieved by means of adhesive, the inner sealing plate 
1 3a can be press fitted Within the recess defined by the 
inner 6houlder 1 5a of the sleeve outer race 4, the outer 
sealing plate 13b can be press fitted around the outer 
shoulder 16b of the innor rood 6, the inner sealing plate 
14a can be press fitted within the recess defined by the 
inner shoulder 17a of the sleeve outer race 4, and the 
outer sealing ptate 140 can be press fitted around the 
outer shoulder 16b of the enlarged diameter shaft por- 
tion 3a 

<The second embodiment of the invention> 

[0036] The second embodiment of the present Inven- 
tion will now be described with reference to Figs. 2a. 2b 
and 2c. The secona embodiment is substantially me 
same in its rotational mechanism as that of the first em- 
bodiment. However, the structure of the seal of the sec- 
ond embodiment is essentially different from that de- 
scribed above with respect to the first embodiment of 
the invention. 

[0039] As can be seen from Fig. 2b, at the side of re- 
duced diameter shaft portion 3b, the Inner peripheral 
portion ot tne inner sealing plate 1 3a is secured with ad- 
hesive on the outer peripheral surface of the inner shoul- 
der 1 6a of the inner race 6 with remaining a slight clear- 
ance (e) between the outor peripheral surface thereof 
and the inner peripheral surface of the inner shoulder 
15a of the sleeve outer rar.A 4 to avoid the contact be. 
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tween them to provide the labyrinth seal function. 
[0040] The nuter peripheral portion of tha outer seal- 
ing plate 13b is secured with adhesive on the outer 
shoulder 1 5b of the sleeve outer race 4 with remaining 
a slight oiuaranca (j) between me inner peripheral por- 
tion thereof and the outer peripheral surface of the outer 
shoulder 16b of the inner race 6 to avoid the contact 
between them to provide the labyrinth seal function. 
[0041] As can be seen from Fjg. 2c p at the side ol en- 
larged diameter ehaft portion 3a, the Inner peiipheral 
portion of the inner sealing plate 1 4a is secured with ad* 
hesive on the outer peripheral surface of the inner shoui* 
dej iBa of the enlarged diameter shaft portion 3a, with 
remaining a slight clearance (g) between the inner pe- 
ripheral surface thereof and the inner shoulder 17a of 
the sleeve outer race 4 to avoid the contact between 
them to provide the labyrinth seal function, 
£0042] Tho outer peripheral portion of the outer seal- 
ing plate 14b Is secured with adhesive on the inner pe- 
ripheral surface of the outer ahoulder 17b of the sleeve 
outer race a with remaining a slight clearance (h) be- 
tween the inner peripheral portion thereof and the outer 
peripheral surface of the outer shoulder 1Qb of the en- 
larged diameter shaft portion 3a to avoid the contact be- 
tween them to provide the labyrinth seal function. 
[0043] Although in the above-mentioned eecond em- 
bodiment, the fixing of the sealing plates are adapted to 
be effected by means of. adhesive, the inner sealing 
plate 13a can be press fitted around the inner shoulder 
1 6a of the inner race 6, the outer sealing plate 13b can 
be oress fitted within tha recess defined by the outer 
shoulder 1 5b of the sleeve outer race 4, the inner sealing 
plate 14a can be press fitted around the inner shoulder 
18a of tho onlargod diameter shaft portion 3a, and the 
outer sealing plate 14b can be press fitted within the ra- 
cess defined by the outer shoulder 17b of the sleeve 
outer race 4. 



<The third embodiment of the invention* 

[0044] The third embodiment of the present invention 
will now bo described with reference to Figs. 3a, 3b and 
3c. As can be seen from Fig. 3b, at the side of reduced 
diameter shaft portion 3b, the outer peripheral portion 
of the inner sealing plate 1 3a is secured with adhesive 
on the end surface of the Inner shoulder 15a of the 
Sleeve outer race 4 with remaining a slight clearance (a) 
between the inner peripheral surface thereof and the 
outer peripheral surface of the inner shoulder 1 6a of the 
innor race 0 to avoid the contact between Lhem to pro- 
vide the labyrinth seat function. 

[0045] The outer peripheral portion of the outer seal- 
ing plate 13b is secured with adhesive on the outer 
shoulder 1 5b of the sleeve outer race 4 with remaining 
a slight clearance (f) between tho inner peripheral por- 
tion thereof and the outer peripbe ral surface of trie outer 
shoulder 1 6b of the Inner race 6 to avoid the contact 
OQtwoon thorn to provide the labyrinth seal function. 



ss 



40 



46 



90 



[0046] As can be seen from Fig. 3c, at the side of tha 
enlarged diameter shaft portion 3a, the outer peripheral 
portion of the inner sealing plate 1 4a is secured with ad- 
hesive on the end surface of the inner shoulder 17a of 
$ sleeve outer race 4 with remaining a slight clearance (c) 
between the inner peripheral portion thereof and the out- 
er peripheral surface of Hie inner shoulder lea of the 
enlarged diameter shaft portion 3a to avoid tha contact 
between them to provide the labyrinth seal function. 
10 [0OI7] The outer peripheral portion of the outer seal- 
ing prate 14b is secured with adhesive on the outer 
shoulder 17b of the sleeve outer race 4 with remaining 
a slight clearance (h) between the inner peripheral por- 
tion thereof and the outer peripheral surface of the outer 
shoulder 18b of the enlarged diametei ahafi portion 3a 
to avoid the contact between them to provide the laby- 
rinth seai function. 

£0046] Aiinough in the above-mentioned third embod- 
iment, the fixing of the sealing piatea are adapted to be 
effected by means Of adhesh/e. the inner sealing piat© 
13a can be press fitted within the recess defined by the 
inner shoulder 15a of the sleeve outer race 4, the outer 
sealing plato 13b can be proas fitted within the recess 
defined by the outer shoulder loo of the sleeve outer 
race 4, the inner sealing plate 14a can be press fitted 
within the recess defined by the \rv\&r shoulder 17a of 
the sleeve outer race 4, and the outer sealing plate 14b 
can be press fitted within the race.** rfofined by the outer 
shoulder 1 7b of the sleeve outer race 4. 

VThe fourth embodiment of tho inventions 

[0049] The fourth embodiment of tha present inven- 
tion will now be described wiin reference to Hgs. 4a, 4b 
and 4c. As can be seen from Fig, 4b, at the side of re- 
duced diameter shaft portion 3b, the inner peripheral 
portion of the inn^r sealing plate 1 3a is secured with ad- 
hesive on the outer peripheral surface of the inner shoul* 
der 1 6a of the inner raco 6 with remaining a alight clear- 
ance (e) between the outer peripheral surface thereof 
and the inner shoulder 15a of the sleeve outer race 4 to 
avoid the contact between tnem to provide the labyrinth 
seal function, 

[0050] The inner peripheral portion of the outer seal* 
ing plate 13b is secured with aoTiesrve on the outer pe- 
ripheral surface of the outer shoulder t6b of The inner 
races with remaining a alight clearance (b) between the 
outer peripheral portion thereof and the outer shoulder 
15b of tha sleeve outer race 4 to avoid the contact be- 
tween them to provide tne labyrinth seal function. 
[0051] As can be seen from Fig. 4c, at the side of en- 
larged diameter shaft portion 3a, the inner perloheral 
portion of the inner sealing plate 1 4a is secured with ad- 
hesive on the outer peripheral surface of the inner shoul- 
der 10a of tho on largod diameter ehait portion 3a, with 
romainoig a slight clearance (g) between the outer pe- 
ripheral portion thereof and the inner shoulder 17a of 
sleeve outui race 4 to avoid tha contact between tnem 
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to provide the labyrinth seal function. 
[0052] The inner peripheral portion of the outer seal- 
ing plat© 14b is sec-uiHd wftn adhesive on the outer pe- 
ripheral surface of the outer shoulder 18b of the en- 
larged diameter shaft portion 3a with remaining a slight & 
clearance (d) between the outer peripheral portion 
thereof and the outer shoulder 17b of the sleeve outer 
race 4 to avoid the contact between them 1o provide the 
labyrinth seal function. 

[0053] Although in the above-mentioned fourth em- io 
bodimym, the fixing of tne sealing plates are adaptedto 
be effected by means of adhesive, the inner sealing 
pJata 1 3a can be press fitted around the inn^r shouldgr 
16a of the inner race 6, the outer sealing plate 1 3b can 
be press fitted around the outer shoulder 1 6b of the inner ts 
ran* 6, tha inner coaling plate 14a can be ujbss fined 
around the inner shcu/der 13a of the enlarged diameter 
shaft portion 3a, and the outer sealing pfate 14b ca/> be 
prea* rated around me outer shoulder 18b of the en- 
larged diameter shaft portion 3a, 20 

<The fifth embodiment of the lnvention> 

£0054] Tho fifth embodiment of tho present invention 
wllj now be described with reference to Figs. 5a, 5b and as 
5c, As can be seen from Fig. 5b> the motor in accord- 
ance wim tne mth embodiment la different from those 
described In the first to the fourth embodiments in the 
structure of the inner race 6 and 01 iter sealing piato 1 2b 
provided on the side of reduced diameter shaft portion ao 
3b. 

[OOfiq in the structure of mis embodiment, the Inner 
race B has only one reduced diameter shoulder portion 
16c, and an inner pe/iphe raj surface of an inner sealing 
plats 13a is secured with adhesive on the end surface 2s 
of the shoulder 1 6c with remaining a slight clearance (e) 
between the outer peripheral portion thereof and tho in- 
ner shoulder 15a of the sleeve outer race 4 to avoid the 
contact between them to provide the labyrinth seal func- 
tion. «(? 

[0056] The outer sealing plate 13b has an inner pe- 
ripheral edge of a diameter slightly larger than that of 
me bore of the inner ring 6 or that of tha reduced diam- 
eter shaft portion 3b. The outer peripheral portion of the 
sealing plate I3t> is secured wfth adhesive on th» ond 4* 
surface of the outer shoulder 1 5b of the sleeve outer 
race 4 with remaining a slight clearance (J) between the 
innor peripheral portion thereof and the outoi peripheral 
surface of the reduced diameter shaft portion 3b and 
with remaining a slight axial clearance (k) between the so 
lower surface through the plate and the upper end sur- 
face of the inner race 6 to avoid the contact between 
them to provide tha labyrinth seal function. 
[0QS7] As can be seen from Fig. Sc, at the side of en- 
larged diameter shaft portion 3a, the inner peripheral bs 
portion of the inner sealing pfate t4a is secured wltn ad- 
hesive on the outer peripheral surface of the inner shoul- 
der 18a of the enlarged diameter shaft portion 3a, with 



remaining a slight clearance (g) between the outer pe- 
ripheral portion thereof and th« inn©r should&r i7 a a f 
the sleeve outer race 4 to avoid the contact between 
them to provide the labyrinth seal function. 
£0066] The outer peripheral portion of the outer seal- 
ing plate 14b is secured with adhesive on the outer 
shoulder 17b of the sleeve outer race 4 with remaining 
a slight clearance (h) between the inner peripheral por- 
tion thereof and the outer peripheral surface of the outer 
shoulder 18b Of the enlarged diamoter ehaft portion Qa 
to avoid the contact between them to provide the labv^ 
rinth seal function. 

p>oio] Although in u le above-mentioned fifth embod- 
iment, the fixing of the sealing plates are adapted to be 
effected by means of adhesive, the inner sealing pfate 
13a can be press fitted around tha inner shoulder 16c 
of the inner race 6, the outer sealing plate 13b can be 
press fitted within the recesn defined by tho outer ©boul- 
der 15b of the sleeve outer race 4, the inner sealing plate 
14a can be press mted around the inner shoulder 18a 
of tho enlarged diameter »] ioI 1 portion 3a, and the outer 
sealing plate 14b can be press fitted within the recess 
defined by the outer shoulder 17b of the sleeve outer 
race 4. 

<Ths sixth embodiment cf ihp inventions 



[0060J Th e sixth embodiment of the present Invention 
will now be described with reference to Figs. 6a, 60 and 
6c. As can be seen from Fig. 6b. at the side of reduced 
diameter shaft portion 3b, the cuter peripheral portion 
or tne inner sealing piste 13a is secured with adhesive 
on the inner shoulder 1 5a of the sleeve outer race 4 with 
remaining a slight Clearance (a) between the inner pe- 
ripheral portion thereof and, the inner shoulder 1 6c of 
the inner race 6 to avoid the contact between them to 

provide the labyrinth seal function. 
[0061] The outer peripheral portion of the outer seal- 
ing plate 13b is secured with adhesive on the end sur* 
lace or me outer shoulder 1 5b of the sleeve outer race 
4 with remaining a slight clearance G) between the inner 
peripheral portion thereof and the outer periphe ral sur- 
face of the reduced diameter shaft portion 3b and with 
remaining a slight axial clearance (K) between the lower 
eurfaoo thereof end the upper surface of trie inner race 
6 to avoid the contact between them to provide tne lab- 
yrinth seal function. 

[0062] As can be seen from Fig. 6c, at the side of the 
enlarged diameter shaft portion 3a, the outer peripheral 
portion of the inner sealing plate 1 4a is secured with Ad- 
hesive on the end surface of the inner shoulder 1 7a of 
sleeve outer race 4 with remaining a slight clearance (c) 
botwoen the inner peripheral portion tfiereof and the out- 
er peripheral eurface of the inner shoulder 18a of the 
enlarged diameter shaft portion 3a to avoid the contact 
between them to provide the labyrinth seal function. 
[0063] The outer peripheral portion of the outer seal- 
ing plate Ub is secured with adhesive on the outer 
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shoulder 17b of the sleeve outer race 4 with remaining 
a slight clearance (h) between the inner peripheral por- 
tion thereof and the outer peripheral surface of the outer 
shoulder 18b of the enlarged diameter shaft portion 3a 
to avoid the contact between them to provide the laby- 
rinth sea! function. 

[0064] Afthough in the above-mentioned sixth omfaod 
iment, the fixing of the seaJing piatee are adapted to be 
effected by means of adhesive, the inner sealing piate 
13o can bo press fitted within the recess defined by the 
inner shoulder 15a of the sleeve outer race 4, the cuter 
sealing plate 13b can be press fitted within the recess 
defined by the outer shoulder 15b of the sleeve outer 
race 4. the. inner seaJing plate 14a can be press fitted 
within the recess defined by the inner shoulder 17a ol 
the sleeve outer race 4, and the outer sealing piate 14b 
can be press fitted within the recess defined by the cuter 
ehoulder 17b of the els eve outer race 4. 

<The seventh embodiment of the inventions 

[0065] The seventh embodiment of the present inven- 
tion will now be described with reference to Fige. 7a, 7b 
and 7c. The seventh embodiment is different from those 
described in the first to the sixth embodiments in the 
structure of the sleeve outer race 4 and outer seaJing 
plates 13b, 14b. 

[0066] in other words, the sleeve outer race 4 has 
shoulders 15c and 17c provided on each of the upper 
and lower ends thereof respectively. The outer sealing 
plate* 1 .^h and 14b has an outer diameter slightly cruell- 
er than that of the sleeve outer race 4. 
[0067] The outer peripheral portion of the inner seal- 
ing plate 1 3a i* *ecuied wiLh adhesive to the end surface 
of the shoulder 15c of the sleeve outer race 4 with re- 
maining a slight clearance (a) heiween the inner periph- 
eral portion thereof and the outer peripheral surface of 
the inner shoulder 16a of the inner race 6 to avoid the 
contact between them to provide the labyrinth coal func- 
tion. 

[0066] The inner peripheral portion of the outer seal- 
ing plate i3b b secured with adhesive on the outer pe- 
ripheral surface of the outer shoulder 16b of the inner 
race 6 with remaining a slight clearance (p) between the 
outer peripheral portion thereof and the inner peripheral 
surface of the through bore 10 of the rotor hub 9 and 
with remaining a slight axial clearance (q) betweon the 
lower surface thereof and the upper end surface oi the 
sleeve outer race 4 to avoid the contact between them 
lo provide the labyrlntn seal function. 
[0069] As can be seen from Fig. 7c, at the aide of the 
enlarged diameter shaft portion 3a, the outer peripheral 
portion of the inner sealing plate 1 4a is secured with ad- 
hesive on the end surface of the shoulder 17c formed 
on the and surface of tho sleeve outer raoo 4 with re- 
maining a slight clearance (c) between the Inner periph- 
eral portion thereof and the outer peripheral surface of 
the inner shoulder 18a of the enlarged diameter shaft 
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portion 3a to avoid the contact between them to provide 
the labyrinth seal function. 

[0070] Trie inner peripheral portion of the outer seal- 
ing plate tab is secured with adhooive on the outer pe- 
ripheral surface of the outer shoulder IBb formed 
around the enlarged diameter shaft portion 3a with re- 
maining a blight clearance (r) between the outer periph- 
eral portion thereof and the Inner peripheral surface of 
the through bore 10 of the rotor hub 9 and with remaining 
a slight axial clearance (s) between the upper surface 
thereof and the lower end surface of the sleeve outer 
race 4 to avoid the contact botwoon them to provide the 
labyrinth seal function. 

[0071 ] Although in the above-mentioned sixth embod- 
iment, the fixing of the sealing plates are iadapted to be 
effected by means of adhesive, the inner sealing plate 
13a can be press fitted within the recess defined by the 
shoulder i5cof the sleeve outer race 4, the outer sea! In g 
piate 1 3h can ba press fitted around the outer shoulder 
16b nf lh* inner race 6. the inner coqJing plate 14a can 
be press fitted within the recess defined by the shoulder 
17c of the sleeve outer race 4, and the 'outer sealing 
plat© 14b casi be presa fUteo around me outer shoulder 
1 8b of the enlarged cSameter shaft portion 3a. 

<The eighth embodiment of the invention> 

[0072J The eighth embodiment of tho procont inven- 
tion will now be described with reference to Figs. Qa, 8b 
and 8c. The inner peripheral portion of the inner sealing 
plate 1 3a is, at the side oi reduced diameter shaft portion 
3b t secured with adhesive to the outer peripheral sur- 
face of the inner shoulder 1 6a of the inner race 6 with 
remaining a slight clearance (a) between the outer pe- 
ripheral portion thereof and tha shoulder iSc of the 
Sleeve outer race A to avoir! the contact between them 
to provide the labyrinth seal function. 
[0073] The inner peripheral portion of the outer seal- 
ing plate 13b is secured wiLh adhesive on the outer 
shoulder 16b of the inner race 6 with remaining a slight 
clearance (p) between the outer peripheral portion 
thereof and the inner peripheral surface of the through 
bore 10 of tha rotor hub 9 and with remaining a siight 
axial clearance (q) betwefln the lower surface thereof 
and the upper end surface of the sleeve outer race 4 to 
avoid the contact between them to provide the labyrinth 
seal function. . 

[0074] As can be seen from Fig. 6c, at the side of the 
enlarged diameter shaft portion 3a, the inner peripheral 
portion of the inner sealing plate 1 4a is secured with ad- 
hesive on the outer peripheral surface of Inner shoulder 
18a of the enlarged diameter Ahaft portion 3a with re- 
maining a slight clearance (g) between the outer periph- 
eral portion thereof and the shoulder 17c of the sleeve 
outer race 4 to avoid the contact between them to pro- 
vide the labyrinth seal function. 
[007$] The inner peripheral portion of the outer seal- 
ing piate 14b is secured with adhesive on tha outer pe- 
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npheral surface of the. outer shoulder ISO formed 
around the enlarged diameter shaft portion 3a with re- 
man, ing a sHgm clearance (r) between the outer periph- 
eral portion thereof and the Inner peripheral surfaced 
the through bore 1 0 of the rotor hub 9 and with remaining s 
a alight axial clearance (s) between the upper surface 
thereof and the lower end surface of the sleeve outer 
race 4 to avoid the contact between them to provide the 
labyrinth seal function. 

[0076] Although in the above-mentioned eighth em- 10 
Dooimeni the fixing of the sealing plates are adapted to 
be effected by means of adhesive, the inner sealing 
plate 13a can be presa fitted around the innor shoulder 
16a of the inner race 6. the outer sealing plate 13b can 
be press fitted around the outer shoulder 1 6b of the inner is 
race s, the inner sea liny plate 14a can Oe press fitted 
around the inner shoulder 1 8a of the enlarged diameter 
Shaft portion 3a, anc the outer sealing pfate 14b can be 
press fitted around the outer shoulder 18b of the en- 
larged dfameter shaft portion 3a. * 0 



<The ninth embodiment of the invention* 

[0077] in if m above mentioned the first to the eighth 
embodiments/a motor of the fixed shaft type in which is 
the shaft 3 is secured to the base 1 andthe sleeve outar 
race 4 is secured to the rotor hub 9 are described. On 
the contrary, the molor of the rotatable shaft type in ae- 
r.nrdanoe with the ninth embodiment as shown In Figs. 
9a. 9b and 9c can also be employed. so 
[0078] The motor in accordance with the this embod- 
iment, a cylindrical no 1 9 is provided on the central por- 
tion of a base 1 , and the double row bearing apparatus 
including a sleeve 4 and a shaft 3 is press fitted within 
the rib in the upside down orientation with respect to the 3S 
structure of the f iret to the eighth embodiments so as to 
direct the roduood diameter ehaft portion 3b downward- 
ly. The upper end of the enlarged diameter shaft portion 
Is fitted and secured within the vertically extending 
tnroughcore *i or the rotor hub 21. 40 
[0079] An outer peripheral ponlon of the rotor hub 20 
is formed with an supporting portion 20a on which a 
magnetic disc is to be loaded and a downwardly de- 
pending flange 20b. A magnet 11 is attached through a 
magnet holder 11a to an inner surface of the flange 20b. 
An inner peripheral surface of the magnet Is faced 
against the outer peripheral surface of a stator 12 se- 
cured to the outer periphery of the cylindrical rib 19 to 
leave a slight clearance is defined between them. 
[0080] The structure of the double row bearing appa- so 
ratus 2 in accordance with this embodiment is substan- 
tiallythe same as that of thefiret embodiment The spac- 
ing dofinod at the eide of tho roduced ; diamotoi shall 
portion 3b (the lower side as shown in Fig. 9a) between 
the lower end portion of the sleeve outer race 4 and the ss 
inner race 6 is closed by means of a pair of annular seal- 
ing plates 13a and 13b, and the spacing defined at the 
side of the enlarged diametershaft portion 3a (the upper 



side as shown in Pig. g a ) between the upper end portion 
of thA sfaev* outof race 4 and the outer peripnerai sur- 
face of the enlargeodiamstershaftportion fsaiso closed 
by means of a pair of annular seating plates 14a and 

140. 

[0081 J As can be seen from Fig. 9b. ai the aide of the 
enlarged diameter shaft portion 3a, a pair of shoulders 
17a, 17b are formed on the end surface of the sleeve 
outer race 4 in a two-stepped manner, and a pair of 
shouldere 16a, 1Db are turned on me outer peripheral 
surface of the enlarged diameter shaft portion 3a in the 
same manner. The outer peripheral portion of the inner 
sealing plate 14a (a secured with adhesive on the end 
surface of the inner shoulder 17a with remaining a slight 
clearance (c) between the inner peripheral portion 
thereof and the outer peripheral surface of the inner 
shoulder i8a to avoid the contact between them to pro- 
vide the labyrinth deal function. 
[00fl2) The inner p&ripneral portion of the outer seal- 
ing plate 14b is secured with adhesive on the outer pe- 
ripheral surface of the outer shoulder 18b formed 
around the enlarged diameter shaft portion 3a with re- 
maining a eliqht clearance (d) between the outer porfph 
eral portion thereof and the outer shoulder 17b of the 
sleeve outer race 4 to avoid the contact between them 
to provide tho labyrinth teal function. 
[00S3] As can be seen from Fig. 9c, at the side of re- 
duced diameter shaft portion 3b, a pair of shoulders 1 Sa. 
15b are formed on the lower end surface of the sleeve 
outer race 4 in a two-stepped manner, and a pair of 
shoulders 16a, 16b are formed on the lower end portion 
of the inner race 6 in the same manner The outer pe- 
ripheral portion of the inner sealing plate 1 3a is secured 
with adhesive on tho end surface 'of the Inner shoulder 
15a with remaining a slight clearance (a) between the 
inner peripheral portion thereof and the outer peripheral 
surface of the inner shoulder 16a to avoid the contact 
between them to provide the labyrinth seal function. 
[00643 The inner peripheral portion of the outer seal- 
ing plate 13b is secured with adhesive on the outer pe- 
ripheral surface of the outer shoulder 16b of the Inner 
ran a 6 with remaining a slight elearanoo (b) between the 
outer peripheral portion thereof and the outer shoulder 
15b of the sleeve outer race 4 to avoid the contact be- 
tween them to provide The labyrinth seal function. 
[0085] The reference numeral 22 is added In Pig. 9a 
to the lower end covering of the double row bearing ap- 
paratus 2. 

[0086] Although in the above mentioned ninth embod- 
iment, the fixing of the sealing pfatoc aro adapted to bo 
achieved by means of adhesive, the inner sealing plate 
1 4a can be press fitted within the rece3S defined by the 
Inner shoulder i /a or tne sleeve outer race 4, the outer 
sealing plate 1 4b can be press fined around the outer 
shoulder 18b of the enlaroed diameter ehaft portion 3a. 
the innor sealing plate 10a can be prase fined within tha 
inner shoulder 15a of the sleeve outer race 4, and the 
outer sealfng plate 13h ran be procc fitted around tho 
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outer shoulder 16b of the inner race 6. 
' [0087] Although in the abov^-mentioned ninth em- 
bodiment, the structure of the sealing apparatus re the 
same as that of the first embodiment, other sealing 
means such ac those illustrated in tne second to the * 
eighth embodiments can also be employed. 
[0033] Although each o/the upper and lower ends of 
me double row bearing apparatus is provided with a pair 
of inner and outer sealing plates respectively in the 
above-mentioned embodiments, a pairof sealing plates io 
may be provided only on one end of the bearing appa- 
ratus, In such a case, the opposite end of the bearing 
apponatuo may be provided with one piece of sealing 
plate of conventional contact type or non-contact type 
or no piece of sealing plate to make the end remain is 
opened. 

[0089J Although the double row bail bearing appara- 
tus using bails as rotating bodies of the double row bear- 
ing apparatus is Illustrated, the roller bea/fng including 
rollers as rotating bodies, the neodle bearing, and fluid 20 
bearing may «Jso be employed. 
10090] Instead of the motor of the outer rotor typa as 
described above, the motor of the inner rotor type can 
also be employed. 

[0091] The hard cfisk drive apparatus in accordance 2S 
with the prflA«nt invention may bo provided with a motor 
of the structure as described In each of the above-men- 
tioned embodiments. The concrete structure of the hard 
disk drive apparatus including the motor M of the fixed 
shaft type {the motor such as that mentioned above) will so 
now be described with reference to Fis« to. 11. 
[0092] A plurality of magnetic discs 23 (e.g. two piec- 
es of magnetic discs :cf. Fig. 11) are provided around 
the outer periphery of the rotor hub 9 ;n parallel with each 
other. Concretely, a pluraljty of magnetic discs spaced 3S 
apart with each other by means of a spacer 24 inter- 
posed between adjacent discs are loaded on the disc 
supporting portion 9a and retained thereon by means of 
disc relQ'mQr plate 25 secured to the rotor hub 9 by 
means of suitable fastening means such as screw. 40 
[0093] in Figs. 10 and 11 , a reference numeral 26 is 
added to a magnetic head for writing Or reading mag- 
netic datum intoorfromthe magnetic disk 23. The head 
26 is attached to the distal end of a head arm 2B of a 
swing arm 2/. ine swing arm 27 is an mechanism for «s 
locating the position of the head. The writing or reading 
of tne magnetic datum on the required position on the 
magnetic disk 23 by means of the head 25 can be ef- 
fected by swinging the head swing arm 27 about the 
©haft 20 to bring tho hood 20 to the roquirod position on so 
the disk 23 and stopped thereabove, 
[0094] The hard disk drive apparatus may include the 
motor M of the rotatabte shaft type (the motor such as 
that of the ninth embodiment) as shown in Fig. 12. The 
structure ol the hard disk apparatus of this, alternative ss 
embodiment ie substantially same aa that of the hard 
disk drive apparatus as shown In Fig, 11 except for the 
structure of the motor. 



The affect* flnrl ^.^ ^ of thQ ]nyanrtm 

£0095] in the motor of the present invention, the lab- 
yrinth seal structure formad by a pair of coaling plates, 
between the sleeve outer race and the shaft or inner 
race of the double row bearing apparatus wiU prohibit 
the flowing the lubricant wui of the bearing apparatus 
even in the case that the motor is rotated in high speed. 
[0096] The sealing plates of the non-contact type uti- 
lized m tne present invention will not produce the mo- 
tional torque so that the loss of power of tho motor due 
to friction can be inhibited; tho energy requirod for driv- 
ing the motor can be reduced, and the snergy-savina 
can be achieved, 

[0097] Furthor. tho sealing plate* or the non-contact 
type will not produce the heat or particles due to the fric- 
tion, will not affect the reliability of the equipment to 
which the moTor 01 me present Invention is Incorporated, 
and will not produce the vibration or noise due to friction 
So that stillness during tha operation of the motor can 
ba assured. 

[OOda] The manufacturing of the sealing ofate can be 
effected easily, prooioeJy, and low co^t because of US 
annular disk shaped member. In this connection, the 
cost for machining and assembling the seeling plates 
can be reduced. 

[00&9] The labyrinth seal structure incorporated Into 
the double row bearing apparatus will prohibit the ne- 
cessity of providing the additional labyrinth seal mech- 
anism as effected in the motor of the prior art In this 
connection, the cost for machining a$ iU the mould can 
be reduced or eliminated ao that the motor of the present 
invention can be manufactured in low cost, 
[0100] In accordance with the present invention, the 
flowing of the lubricant out from the bearing apparatus 
of the motor can be inhibited, so that there are almost 
no possibility of the crushing of tha magnetic head due 
to the lubricant, and the production of the Motional heat, 
frictional particles, and vibration and noio© can also bo 
prohibited. Thus the reliability and the stillness of the 
hard disk drive apparatus can be assured. 
[0101] While particular embodiments or the present 
invention have been illustrated and described, it should 
be obvious to those skilled in the art that various chang- 
es and modifications can be made without departing 
from the spirit and scope of the Invention. 



Claim* 

1. A motor including a double row bearing apparatus 
for supporting a rotor hub rotatably on a base char- 
acterized in that: the double row bearing apparatus 
includes; 

a two-stepped shaft having an enlarged diam- 
eter shaft portion and a reduced shaft portion, 
a sieave outer lace disposed around tne shaft 
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through a pair of first and second rows of rotat- 
ing oodles interposed between the shaft and 
the sleeve, 

rotating bodies forthe first row is adapted to be 
interposed between an outer peripheral rolling * 
contact groove formed directly on the outer pe- 
ripheral surface ot the enlarged diametar shaft 
portion of the stopped ahaft and a first Inner pe- 
npheral rolling contact groove formed on the In- 
ner peripheral surface of the sleeve outer race to 
rotating bodies for the second row is adapted 
to be interposed between am outer peripheral 
rolling contact Groove formed on en outer pe- 
ripheral surface of an inner race fitted around 4 
the reduced diameter shaft portion of the is 
stepped shaft and a second inner peripheral 
rolling contact groove formed on the inner pe- 
ripheral surface of the sleeve outer race, 
ai me sioe or the first row or the rotating bodies, 
inner and outer annular seating plates are pro- 20 
VJded to leave a fllight clearance between tho 
inner or* outer peripheral surface of each seal- 
ing plate and the outer peripheral surface of the 
enlarged diameter shaft portion or the end por- 
tion of the 6leeve outer race to provide a laby- 29 
rinth seal on one side of the sleeve outer race, 
and at the side of the second row of rotating 
bodies, inner and outer annular sealing plates 
ara provided to leave a ©light clearance be- 
tween the inner or outer peripheral surface of 90 
each sealing plate and the inner race or the end 
portfor 1 or the sleeve ourer race to provide a lab- 5. 
yrinth seal on the other side of the sleeve outer 
race. 

55 

2. A motor as claimed in claim 1, wherein at the side 
of said first row of the rotating bodies, Inner and out- 
er shoulders are formed on the end portion of the 
sleeve outer race in a two*stepped manner, and fn- 
nei and cuter shoulders are also provided on the «0 
outer peripheral surface of the enlarged diameter 
shaft portion of the stepped shaft in the same man- 
ner so as to opposite to the inner and outer shoul- 
ders of the sleeve outer race, said inner sealing 
plate is attached to either of eaid innor shoulder of ^ 
the sleeve or the shaft with remaining a slight clear- 
ance between the plate and the shaft or the sleeve 
toproviaetne labyrinth seal function, and said outer 
sealing plate is attached to either of said outer 6. 
shoulder of the sleeve or the shaft with remaining a so ' 
slight clearance between the plate and the shaft or 
the sleeve to provide the labyrinth seal function. 



X A motor as claimed In claim 1 , wherein at the side 
of said second row of the rotating bodies, inner and ss 
outer shoulders are provided on the end surface of 
the sleeve outer race in a two-stepped manner, and 
inner and outer shoulders are also provided on the 



end portfon of the inner race in the same manner 
so as to npposft© to tho innor and outer shoulders 
of the sleeve outer race, said Inner sealing plate is 
attached to said Inner shoulder of either of the 
sleeve outer race or the inner race with remaining 
a slight clearance between the plate and the inner 
race or the sleeve outer race to provide the labyrinth 
seal function, and sard outer sealing plate is at- 
tached to said outer shoulder of either of the sleeve 
outer race or the inner race whh remaining a slignt 
clearance between the plate and the inner race or 
the sleeve outer race to provide a labyrinth seal. 

A motor as claimed in claim 1 , wherein at the side 
of said first row of the rotating bodies, a one step 
shoulder is formed on the end surface ol the sleeve 
outer race, and inner shoulder is provided on the 
outer pAripheral curfaco of the enlarged diameter 
shaft portion of said stepped shaft to opposite to the 
shoulder of the sleeve outer race, an outer shoulder 
ia alau pi o vtaao on tne shaft to form It a two stepped 
shaft, said inner sealing plate is attached to either 
of sard shoulder of the sleeve or the inner shoulder 
of the shaft with remaining a slight clearance be- 
tween the plate and the shaft or tho sleeve to pro- 
vide the labyrinth eaaj f unotion, and said outer seal- 
ing plate is attached to said outer shoulder with re- 
maining a slight axial clearance between the plate 
and the end surface of the sfeave outer race to pro- 
vide the labyrinth seal function. 

A motor as claimed In claim 1, wherein at the side 
of said second row of the. rotating bodies, inner and .. 
outer shouidars are termed on the end eurfooo of 
the sleeve outer race in a two-stepped manner, and 
a one step shoulder is also formed on The end por- 
tion of U10 inner race so as to opposite to tne Inner 
shoulder of the sfeevB outer race, said inner sealing 
plate is attached to either of said inner shoulder of 
the sleeve outer race or the shoulder of the inner 
race with remaining a slight clearance between the 
plate and the inner race or tha sleeve outer race to 
provide the labyrinth seal function, and said outer 
sealing plate is attached to said outer shoulder of 
the sleeve with remaining a slight axiai clearance 
between the plate and the end surface of the Inner 
race to provide the labyrinth seal function. 



A motor as claimed in claim 1 , wherein at the side 
of said second row of tha rotating bodies, a shouldar 
Is provided on the end surface of the sleeve outer 
race, and inner shoulder is provided on the end por- 
tion of the tnner race to opposite to tne shoulder of 
the sleeve outer race, an outer shoulder is also pro- 
vided on the Inner race to form a two-stepped shoul- 
der, said inner sealing plate Is attached -to slthor of 
said shoulder of the sleeve or the inner shoulder of 
the inner race with remaining a slight clearanna h*u 
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tween the plate and either of the inner race or the 
Sleeve to provide Th© labyrinth &an\ function, and 
said outer sealing plate is attached to said outer 
shoulder of the inner race with remaining a slight 
axiai cieaiance between me plate and the end sur- 
face of the sleeve outer race to provide the labyrinth 
seal function. 

7. a motor as cfaimed in claim 1 , wherein the stepped 
shaft nf said double row bearing apparatus i* se- 
cured to said base to extending vertically therefrom, 
and a vertically extending bore of the rotor hub Is 
filled around the sleeve outer race. 

8. A motor as claimed in claim 1. wherein a vertirwiiy 
extending cylindrical portion including a through 
bore Is provided on the central portion of the base, 
the sleeve outer race of said doublo row bear! n g ap- 
paratus is fitted into the bore, and the steppeo shaft 
of said double row bearing apparatus is frtted Into a 
vei lic-ai bore provided mr&jgh the central portion of 
the rotor hub. 

9. A hard disk drfve apparatus comprising: 



15 
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a motor including « double row bearing appa- 
ratus for supporting a rotor hub rotatably on a 
base, 

a magnetic disk loaded on the outer peripheral 
surface the rotor hub. 

a magnetic head for writing or reading magnetic 

datum onto or from the magnetic disk. . 

a positioning mechanism for moving the head 

to bring it to the required radial position on the 

disk arid stopped thereabove, 

the double row bearing apparatus of the motor 

including; 

a two-stepped shaft having an enlarged diam- 
eter Shaft portion and a reduced nhafr portion, 
a sleeve outer race disposed around the shaft 
through a pair of first and second rows of rotat- 
ing bodioo interposed between the shaft and 
the sleeve, 

rotating bodies for the first row is adapted to be 
interposed between an outer peripheral roiling 
contact groove formed directly on the outer pe- 
ripheral surface of the enlarged aiamBTor snart 
portion of the stepped shaft and afirst inner pe- 
ripheral rolling contact groove lormed on the in- 
ner peripheral surface of the 6 la eve oulsr race, 
rotating bodies for the second row is adapted 
to be interposed between am outer peripheral 
rolling contact groove formed on an outer pe- 
ripheral surface of an inner race fitted around 
the reduced diameter aha ft portion of the 
stepped shaft and a second inner peripheral 
rolling contact groove formed on the inner pe- 
ripheral eurfaoo of the sleeve ovter race, 
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at the side of the first row of the rotating bodies, 
inner and outer annular sealing plates are pro- 
vided to leave a slight clearance between the 
inner or outer peripheral surface of oooh seal-* 
ing plate and the outer peripheral surface of the 
enlarged diameter shaft ponion or the end por- 
tion of the sleeve outer race to provide a laby- 
rinth seal on one side of the sleeve outer race, 
and at the side of the second row of rotating: 
bodies, inner and outer annular sealing plates 
are provided to leave a slight clearance be- 
tween the inn^r or outer peripheral curface of 
each sealing plate and the inner race or the end 
portion of the sleeve outer race to provide a lab- 
yrinth eeal on the other sidu of the sleeve outer 
race. 

io* A nard disKorive apparatus as clairnecf In claim 9, 
wherein the double row bearing apparatus of the 
motor including at the side nf said first row of the 
rotating bodies, inner and outer shoulders formed 
on the end portion of the sleeve outer race In a two- 
stepped mannor, and Inner and water shoulders 
provided also on the outer peripheral surface of the 
enfargeddiameter shaft portion of thestepped shaft 
in tne same manner so as to opposite to the inner 
and outer shoulders of the sleeve outer race. 
whor&\n said innerseaiing plate is attached to either 
of said inner shoulder of the sleeve or the shaft with 
remaining a slight clearance between the plate and 
the ohnft or the sleeve to provide the labyrinth seal 
function, and said outer sealing plate is attached to 
either of said outer shoulder of the sleeve or the 
shaft with remaining a slight clearance between the 
plate and the shaft or the sleeve to provide the lab- 
yrinth seal function. 

11. A hard disk drive apparatus as claimed In claim 9, 
wherein the doublo row bearing apparatus of the 
motor including at the side of said second row of the 
rotating bodies, inner and outer shoulders provided 
on the end surface or tne sleeve outer race in a two- 
stepped manner, and Inner and outer shoulders 
provided also on the end portion of the inner race 
In the same manner so as to opposite to the inner 
and outer shoulders of the sleeve outer race, 
wherein said inner sealing plata is attached to said 
inner shoulder of either of the sleeve outer race or 
the inner race with remaining a slight clearance be- 
tween the plate ana tne inner race or the sleeve out- 
er race to provide the labyrinth seal function, and 
said outer sealing plate is attached to said outer 
shoulder of either of the sleeve outer race or the 
inner race with remaining a slight clearance be- 
tween the plstfeand the inner race or the cleave out- 
er race to provide a labyrinth seal. 



12. A hard disk drive apparatus as claimed (n claim 9, 
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wherein the double row bearing apparatus of the 
motor including at the side of said first row of the 
rotating bodies, a one step shoulder formed on the 
end surface of the steeve outer race, and inner 
shou/tfer provided on the outer peripheral surface 
of the enlarged diameter shaft portion of said 
stepped shaft to opposite to the shoulder of the 
eloovo outer race, an outer shoulder provided also 
on the shaft to form it a two stepped shaft, wherein 
said inner seafing plate is attached to either of said 
shoulder of the sleeve or the inner shoulder of the 
shaft with remaining a slight clearance between the 
plate and the aha ft or the sloeva to provide ih© lab- 
yrinth seal function, and said outer sealing plate is 
attached to said outer shoulder with remaining a 
slight axial clearance between tne plats and the end 
surface of the sleeve outer race to provide the lab- 
yrinth seal function. 

13. A hard disk drive apparatus as claimed in claim 9, 20 
wherein the double row bearing apparatua of the 
motor including at the side of said second row of the 
rotating bodies, inner and outer shoulders formed 
on tho end &uj face of the sleeve outer race tn a two- 
stepped manner, and a one step shoulder formed « 
also on the end portion of the inner race eo as to 
opposite to the inner shoulder of the sleeve outer 
race, wherein said inner sealing plate is attached to 
either of eaid inner ehou Idor of the sleeve outer race 
or the shoulder of the inner race with remaining a SO 
slight clearance between the plate and the inner 
race or the sleeve outer race to provide the labyrinth 
seal function, and said outer sealing plate is at- 
tached to said outer shoulder of the sleeve with re* 
mahing a slight axial clearance between the plate ss 
and the end surface of the inner race to provide the 

labyrinth coal function. 

14. A herd disk drive apparatus as claimed in claim 9, 
wherein the double row bearing apparatus of the *o 
motor includlngatthesideofealdsecondrowofthe 
rotating bodies, a shoulder provided on the end sur- 
face of the sleeve outer race, and inner shoulder 
provided on the end portion of the inner race to op- 
posite to tho ehouldor of the sleeve outer race, an 
outer shoulder provided also on the inner race to 
form a two-stepped shoulder, wherein said inner 
sealing plate is attached toeither of said shoulder 
of the sleeve or the Inner shoulder of the inner race 
with remaining a slight clearance between the plate $0 
and either of the inner race or the sleeve to provide 
the labyrinth seal function, and said outer sealing 
plato ic atlaohod to eaid cuter ehouldor of the inner 
race with remaining a slight axial clearance be- 
tween the plate and the end surface of the sleeve « 
outer race to provide the labyrinth seal function. 

15. A hard disk drive apparatus as claimed in claim 9. 



wherein said motor including the stepped shaft of 
said double row bearing apparatus secured to said 
base to extending vertically therefrom, and a verti- 
cally extending bore of the rotor hub fitted around 
the alewva qyter race. 

16, A hard-disk drive apparatus as cJairnnd in claim 9, 
wherein said motor including a vertically extending 
cylindrical portion including a through bore provided 
on the central portion of the base, tliu sleeve outer 
race of said double row bearing apparatus is fitted 
into the bore, and the stepped shaft of said double 
row bearing apparatus is fitted into a vertical bore 
provided through the central portion of the rotorhub. 
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(54) A spindle motor and a hard disk drive apparatus Including such a motor 



(57) A spindle motor including a double raw bearing 
apparatus (2) for supporting a rotor hub (9) rotatably on 
a base (1) Incorporating a labyrinth seal mechanism. 
The bearing apparatus includes a two-stepped shaft (3) 
and a pair of rows of rotating baJia (5a) and (5b) inter- 
posed between the shaft and a sleeve outer race (4) sur- 
rounding the shaft. A pair of Inner and outer sealing 
pjatss (i3a) ano (130) are provided between the sleeve 



outer race and an Inner race (6) fitted around a reduced 
dlfvnfitor portion (3b) of the shaft to form a labyrinth seal. 
A pair of inner and outer sealing plates (14a) and (14b) 
are also provided between the sleeve outer race and 
optionally an inner raca fitted around an enlarged dianv 
eter shaft portion (3a) to form a labyrinth seal. The bear- 
ing apparatus at/aids the necessity to incorporate an ad- 
ditional sealing mechanism into the motor as a separate 
.fabrication step. 
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